Abstract-A comprehensive taxonomic revision of Stipa subsects. Stipa and Tirsae is presented. We analyzed the pattern of morphological variation of the taxa included in both subsections through the study of 1353 vouchers from 27 herbaria. Variation in floral and leaf morphology was further explored to revaluate taxon limits in 165 specimens using univariate analyses (Anova, Tukey test and, χ 2 test), and multivariate tests (principal components analysis and discriminant analysis). We found that one species of subsect. Tirsae plus three species and five subspecies of subsect. Stipa can be distinguished based on morphological characters. For each taxon, we present a dichotomous key, a list of synonyms, detailed morphometric descriptions, illustrations, and distribution maps. In addition, neotypes are proposed for S. pulcherrima var. mollis (subsection Stipa) and S. aperta (subsection Stipa), and a lectotype is proposed for S. cerariorum (subsection Tirsae). Likewise, two new combinations are proposed: Stipa subsection Tirsae (Martinovský ) R. Gonzalo, and Stipa turkestanica subspecies macroglossa (P.A Smirn.) R. Gonzalo.
The Poaceae is among the largest plant families of angiosperms, including around 800 genera and 11,000-13,000 species ), distributed in 12 subfamilies and 42 tribes (Barker et al. 2001) . Of the 12 subfamilies currently recognized, the Pooideae, with ca. 3,300 species is one of the largest and most important economically (Barker et al. 2001) . Indeed, important crops such as barley (Hordeum vulgare), rye (Secale cereale), and oats (Avena sativa) are all members of the Pooideae (Barker et al. 2001 ). This subfamily includes 13 tribes (Barker et al. 2001) , of which Stipeae represents a basal lineage group, whose origin is placed after the separation of Brachyelytreae. Ohwi, Lygeeae J. Presl, and Nardeae W.D.J. Koch (Barker et al. 2001; Davis and Soreng 2007; Soreng et al. 2007) . Stipeae grasses are important components of the vegetation and often the dominant grass of xeric habitats from lowlands up to the alpine belt (Freitag 1985) . These grasses have traditionally been employed in the production of paper (S. tenacissima L.), but are especially important and appreciated as pasture plants for their high regeneration ability, resistance against grazing, and nutritional properties. Tribe Stipeae is a well-defined monophyletic group (Peñ ailillo 1996; Hsiao et al. 1999; Jacobs et al. 2000 Jacobs et al. , 2007 , with approximately 21 genera (Romaschenko et al. 2010 ) and 400-600 species, distributed in all continents, except for Antarctica (Barkworth et al. 2008; Romaschenko et al. 2007 Romaschenko et al. , 2010 Cialdella et al. 2010 ). The tribe is characterized by a single-flowered spikelet, glumes equalling or longer than the lemma, an apical awn, and two or three lodicules (Clayton and Renvoize 1986) . In addition, small chromosomes with a base number of X = 10-12 are also diagnostic (Tzvelev 1976; Freitag 1985; Romaschenko et al. 2007 Romaschenko et al. , 2010 .
Even though the limits of tribe Stipeae are well defined, the circumscription of genera within this tribe has been controversial during the past decades. The major area of uncertainty is associated with the circumscription of Stipa (Jacobs et al. 2007) . Traditionally, the genus has been broadly circumscribed (Spegazzini 1901 (Spegazzini , 1925 Hitchcock 1925 Hitchcock , 1951 , encompassing most of the currently accepted genera in the tribe, except for Oryzopsis Michx., Piptochaetium J. Presl, Nassella E. Desv. and Aciachne Benth. This traditional circumscription included ca. 300-400 species of temperate and subtropical regions in both hemispheres (Clayton and Renvoize 1986; Tzvelev 1976; Bor 1970; Cope 1982; Moraldo 1986; Freitag 1985; Watson and Dallwitz 1992) . However, recent morphological, anatomical and molecular studies have substantially changed generic boundaries in the tribe (Peñ ailillo 1996; Jacobs and Everett 1996; Vázquez and Barkworth 2004; Barkworth et al. 2008; Romaschenko et al. 2007 Romaschenko et al. , 2010 Cialdella et al. 2010) . In particular, the circumscription of Nassella has been significantly expanded, and the genus now includes ca. 116 species, representing the second largest genus in the tribe (Barkworth et al. 2008 ). In addition, older genera have been resurrected (Jarava Ruiz and Pav., Macrochloa Kunth), and new ones have been described, such as Hesperostipa (M. K. Elias) Barkworth The current circumscription of Stipa includes approximately 140 species (Barkworth et al. 2008 ) geographically confined to Asia, Europe and North Africa (Romaschenko et al. 2007; Barkworth et al. 2008) . Under this circumscription, the genus is characterized by 1-flowered spikelets, and anthecia that are disarticulated above the glumes, leaving a sharppointed callus attached at its base. The lemma is often very long and narrow, terete, indurate, and strongly convolute, terminating in a prominent awn. The callus, lemma and palea are known as anthecium. The awn is unigeniculate or bigeniculate and usually twisted below the first bend. The portion below the bend is referred to as the column, while the portion above the bend is referred to as the seta.
Stipa includes some of the most complicated taxonomic problems in Poaceae, with species often exhibiting great plasticity in morphological characters. The lack of stable morphological structures and the difficulty in establishing clear morphological boundaries between taxa, has resulted in complicated infrageneric classifications, with the creation of a high number of taxa at the specific and infraspecific ranks (Smirnow 1925 (Smirnow , 1926 (Smirnow , 1928 (Smirnow , 1929 (Smirnow , 1938 (Smirnow , 1970 Martinovský 1982; Klokov and Osychnyuk 1976; Moraldo 1986; Vázquez and Gutiérrez 2011) . These problems have been extensively noted in the literature (Tzvelev 1974 (Tzvelev , 1976 Scholz 1985; Freitag 1985; Strid 1991) .
The infrageneric classification of Stipa suffered many changes during its taxonomic history. Dumortier (1823) was the first author to provide an infrageneric classification, with two sections based on awn features: (1) sect. Eriostipa Dumort., with "Arista plumosa vel pubescent," including S. pennata L.; and (2) sect. Leiostipa Dumort., with "Arista glabra," including S. capillata L. Most European and Asian species were subsequently included in sect. Eustipa Trin. & Rupr. (Endlicher 1836 (Endlicher -1841 Steudel 1854) . The first comprehensive infrageneric classification of Stipa was published by Roshevitz (1934) , who recognized seven series based on awn morphology: (1) ser. Pennatae Roshev: including all species with glabrous or scabrous column and a plumose seta, including S. pennata, the type species of the genus; (2) ser. Sibiricae Roshev, with pointed glumes, shorter lemma than glumes, and short awns ( 2 cm); (3) ser. Brevigeniculatae Roshev, with unigeniculate awns, and columns that are 1/10-1/8 as long as the setas; (4) ser. Barbatae Roshev, with awns that are hairy all along its length; (5) ser. Tortiles Roshev, with hairy columns and glabrous or scabrous setas; (6) ser. Pseudocapillatae Roshev, with hairy columns, hairs up to 7 mm long, and scabrous or shortly hairy setas; and (7) ser. Capillatae Roshev, with awns that are scabrous at the edges. Roshevitz's classification has been the starting point of all subsequent taxonomic studies in the genus.
During the second half of the last century, many researchers tried to clarify the infrageneric taxonomy of Stipa (Bor 1970; Tzvelev 1974 Tzvelev , 1976 Martinovský 1977 Martinovský , 1982 Moraldo 1986; Vázquez and Gutiérrez 2011; see Table 1 ). However, the taxonomic placement of the individual species and the limits of the sections have remained problematic. For example, sections Aristella (Trin.) Hackel and Lasiagrostis (Link) Hackel are currently included under Achnatherum P. Beauv. (Tzvelev 1976) , whereas section Orthoraphium (Nees) Hackel and ser. Gigantea Martinovský are retained at generic rank (Tzvelev 2000; Wu and Phillips 2006; Vázquez and Barkworth 2004) . Stipa gaubae Bor has been indistinctly placed under section Barbatae A. Junge (Freitag 1985 , under section Smirnovia Tzvelev (Vázquez and Gutiérrez 2011) , or in its own section, Subsmirnovia Tzvelev (Tzvelev 1993; Gonzalo et al. 2011) . Species with completely pilose awns are included in sect. Barbatae (Klokov and Osychnyuk 1976; Tzvelev 1976) , or in sect. Stipa of ser. Barbatae (Bor 1970; Moraldo 1986) .
The current circumscription of the type section Stipa sect. Stipa, includes approximately 60 species from North Africa, Europe and Asia (Vázquez and Gutièrrez 2011) , that are characterized by a caespitose habit, long acuminate glumes, terete lemmas with longitudinal rows of hairs, bigeniculate awns, glabrous or minutely scabrous (rarely hairy) columns, plumose setas with hairs longer than (3-)4 mm long, and ovary with 2 styles (Tzvelev 1976; Vázquez and Devesa 1996) .
The various taxonomic treatments of the European taxa made by Martinovský (1966 Martinovský ( , 1967 Martinovský ( , 1976 Martinovský ( , 1977 Martinovský ( , 1980 Martinovský ( , and 1982 have remained as landmarks in the taxonomic history of Stipa sect. Stipa. Martinovský described several new taxa and divided Stipa sect. Stipa into five series and five subseries (Table 1) , a concept followed and extended by other European taxonomists (Klokov and Osychnyuk 1976; Moraldo 1986; Vázquez and Gutiérrez 2011) . Series Lessingianae Martinovský includes the widespread S. lessingiana Trin. & Rupr., characterized by a completely pubescent lemma and short ligules in the basal leaves. This taxon is currently separated in the monotypic sect. Subbarbatae Tzvelev. series Pulcherrimae Martinovský by the lack of a dorsal row of the lemma or a lemma that is shorter than the subdorsal row Table  1 . Infrageneric classification of Stipa s.s. In bold the infrageneric groups currently included in Sect. Stipa s.s. ROSHEVITZ (1934) , Former USSR only BOR (1970) , Iran only TZVELEV (1974, 1976, 1993) , former USSR and Caucasus only MARTINOVSKÝ (1966 MARTINOVSKÝ ( , 1967 MARTINOVSKÝ ( , 1976 , Europe only FREITAG (1985) , S and SW Asia only KLOKOV and OSYCHNYUK (1976) , Ukraine only Moraldo (1986) , Italy only VÁ ZQUEZ AND GUTIÉRREZ (2011), seta plumose species only (rarely slightly shorter), in combination with the ventral row of hairs reaching the top (rarely ending 1-2 mm below the apex). Martinovský (1966 Martinovský ( , 1967 Martinovský ( , 1977 divided series Pulcherrimae into 4 subseries: (1) subseries Syresitschikovianae Martinovský ; (2) subseries Atlanticae (pubescent); (3) subseries Epilosae (scabrous, tuberculate or papillose); and, (4) subseries Eriocaulis (scabrous ribs and shortly pubescent furrows). While subseries Syresitschikovianae Martinovský includes the species with hairy columns, the other remaining three subseries are distinguished by the ornamentation of the adaxial surface of the basal leaf. Series Dasyphyllae Martinovský only differs from series Pulcherrima in the pubescent abaxial surface of the basal leaf. Series Penicelliferae (subsect. Stipa) and series Tirsae (subsect. Tirsae), reviewed in this paper, include plants native to the temperate zones of Europe, Asia and Caucasus that are characterized by having the ventral row of hairs ending 2-5 mm below the lemma apex, and the dorsal row quite longer than the subdorsal ones. Martinovský (1976) recognized three species for series Penicelliferae: S. joannis Célak. (type), S. borysthenica Klokov ex Prokud., and S. styriaca Martinovský . Currently, S. joannis is considered a synonym of S. pennata (Tzvelev 1976; Connert 1982; Vázquez and Devesa 1996) , the type species of the genus (Hitchcock 1925) . As a result, ser. Penicelliferae is treated as a synonymy of subsect. Stipa. Subsection Stipa, the type subsection, is also characterized by an apical tassel of hairs at the apex of the basal leaves, although this trait is sometimes absent (e.g. S. kirghisorum, S. pennata subsp. sabulosa). Stipa pennata subsp. pennata and Stipa pennata subsp. sabulosa, and two additional species from Asia (S. kirghisorum P.A. Smirn. and S. turkestanica Hack.), clearly fit within subsect. Stipa. On the other hand, series Tirsae only includes S. tirsa Steven, a species that is closely related and morphologically very similar to S. pennata. However, S. tirsa clearly differs in the ligule length, the basal leaf apex and the ornamentation of the abaxial leaf surface. We consider these features sufficient for the recognition of subsect. Tirsae.
Even though Stipa sect. Stipa has been profusely studied (Smirnow 1925; Klokov and Osychnyuk 1976; Tzvelev 1976; Martinovský 1982; Moraldo 1986 ), these revisions only cover particular geographical areas of the section. In addition, the species level taxonomy of the group remains confusing, with complicated species limits (S. capillata, S. arabica Trin. & Rupr., S. capensis). The present study includes a taxonomic revision of members of subsect. Stipa and Tirsae, as part of a comprehensive treatment of Stipa sect. Stipa. Specifically, our study aims to (i) reevaluate the status of individual species in the tribe through the examination of herbarium specimens from the whole area of distribution of representatives of the group; (ii) conduct a broad analysis of the morphological traits used to support the taxonomic circumscription of individual taxa; and (iii) supply detailed maps and illustrations for each taxon. Seven taxa are recognized: three species and three subspecies for subsect. Stipa, plus one species for sect. Tirsae.
Materials and Methods
Morphological Sampling and Characters-The current revision is based on the study of 1,353 herbarium specimens of Stipa subsections Stipa and Tirsae (Appendix 1) from the following herbaria: B, BR, C, COI, E, FI, G, GH, GOET, H, HBG, JE, K, L, LD, LE, M, MA, MEL, NY, PR, S, U, UPS, W, WAG, and WU.
For the morphometric analyses, 165 specimens were used as operational taxonomic units (OTUs), selected to represent as far as possible, the entire geographical range and the morphological variability within each taxon. Specimens were distributed as follows: S. pennata subsp. pennata (37); S. pennata subsp. sabulosa (26); S. kirghisorum (27); S. tirsa (25) ; S. turkestanica subsp. turkestanica (18); S. turkestanica subsp. trichoides (15); S. turkestanica subsp. macroglossa (17).
Initially, 68 morphological characters were recorded, including those previously used in the taxonomy of Stipa (Roshevitz 1934; Tzvelev 1976; Martinovský 1980; Freitag 1985; Vázquez and Devesa 1996; Gonzalo et al. 2011) , as well as others used in the taxonomy of grasses. Species from both of these sections have cleistogamous spikelets; therefore, the size of the structures enclosed by the floret was determined by the size of the lemma. Characters with missing data and those that were either constant or too variable were excluded, reducing the number of characters analyzed to 33 (Appendix 2). Of these, 17 were quantitative, 4 were ratio derivate, and 12 were qualitative; characters were scored as binary or multistate (Table 2) .
Numerical and Statistical Analyses-Quantitative characters were analyzed by mean value, range, standard deviation and significance using the SPSS 17.0 statistical package for Windows (SPSS Inc., Chicago, Illinois). Prior to the statistical analyses, every pair of characters in the dataset was subjected either to either a Pearson or a Kendall's Tau correlation depending on their quantitative or qualitative status (Molina et al. 2008) . Variables with high correlation (> 0.75) were eliminated to avoid redundant information. Quantitative data were also subjected to a ShapiroWilk test for normality and to the Levene test of homogeneity. Nonnormal data and data with heterogeneous variance were standardized and Log 10 transformed, to meet the assumption of normality required.
A principal component analysis (PCA) based on a correlation matrix was used to evaluate the morphological variation between specimens (Pimentel et al. 2007 ). Only those axes corresponding to components with eigenvalues greater than 1.0 were extracted. A Kaser-Meyer-Olkin (KMO) test and the Bartlett's test of sphericity were performed to assess the suitability of the selected data for the analysis (Almeida-Pinheiro de Carvalho et al. 2004 ). The varimax rotation was used to maximize the variance of each factor.
The relationships between the different taxa were investigated using classification discriminant analyses (DA, cross validation). This method requires an a priori assignment of OTUs to groups allowing an evaluation of whether the recognized groups are statistically definable entities or whether there is too much variation within groups to allow classification (Sneath and Sokal 1973; Legendre and Legendre 1998; Saint-Laurent et al. 2000) . For cross validation, 25% of the specimens studied were randomly excluded from the dataset and the discriminant functions were calculated for the remaining specimens. To represent the variability of the most discriminant characters within taxa, box-plots were prepared (Fig. 1) . These plots contain medians and percentiles and were obtained using the STATISTICA package.
One-way analysis of variance ANOVA and the Tuckey's Post Hoc test were carried out for each quantitative character to assess the divergence among species, among subspecies within species, and to determine the importance of each quantitative character. Qualitative characters were studied through χ 2 . Statistical analyses were performed with SPSS vers. 17.0 (SPSS Inc., Chicago, Illinois).
Morphological data were used to elaborate detailed morphological descriptions for each taxon. Additional data on the habitat, distribution, and chromosome numbers were based on the literature and information supplied in collection labels. Distribution data derived from herbarium specimens were used to build detailed distribution maps, with the program ArcView GIS v. 3.2.
Transversal sections of the basal leaves were obtained with a Bright Starlet 2212 Cryostatand, stained with Fasga mixture (Tolivia and Tolivia 1987) , and photographed using optical microscopy. Ideograms of these sections were drawn by J. L. Castillo.
Results
Morphology-HABIT-All species of Stipa subsects. Stipa and Tirsae are perennial and herbaceous grasses. Species are generally xerophilous, exhibiting intravaginal growth, with many vegetative shoots and few generative shoots, resulting in a "rossulate perennial," as defined by Freitag (1985) .
VEGETATIVE BODY-The culms are erect, 2-4 noded and almost completely covered by the culm leaf-sheaths. In both subsections, nodes are glabrous, whereas the ornamentation of the internode surface is highly variable even within the same species: normally glabrous in both subspecies of S. pennata, densely pubescent in S. tirsa and scabrous or pubescent in S. turkestanica and S. kirghisorum.
LEAVES-The ornamentation, shape, and size of ligules, leaf-sheaths, and leaf-blades are variable in the same plant, depending on whether it is the basal leaf or the culm leaf. There is also variation along the length of the leaves and its age.
LEAF SHEATHS-Leaf-sheaths are glabrous, scabrous with prickles or with stiff hairs, papillose or pubescent. The leafsheaths of the basal leaves may be glabrous or ciliate, while the culm leaf-sheaths usually exhibit glabrous margins.
LEAF BLADES-All the taxa are more or less xerophilous, having convolute or involute leaf-blades, being extremely thin in S. tirsa (up to 0.3 mm in diameter). The ornamentation of both sides of the leaf-blades has been traditionally used as a distinctive character for taxon delimitation (Martinovský 1982; Moraldo 1986; Klokov and Osychnyuk 1976) . However, leaf-blade features have been considered less important than spikelet morphology for the taxonomy of species with large distributions (i.e. S. caucasica Schmalh, S. pennata, and S. capillata L.) due to the high variability of this trait. The exception is S. tirsa, in which leaf-blade ornamentation is stable, showing the abaxial surface covered by scattered stiff hairs, whereas the adaxial surface may be scabrous, papillose, or, less commonly, with scattered hairs. In all species from subsect. Stipa, the abaxial surface is distinctly scabrous, with the exception of both subspecies of S. pennata, which may be either glabrous or minutely scabrous. The adaxial surface is extremely variable within the same taxon and may be scabrous, minutely pubescent, papillose, pubescent or with scattered hairs. Leaf-blade apices contain remarkable features, ending in a very delicate and long setaceous tip in S. tirsa, or in a fragile apical tassel of hairs in the young leaves of S. pennata and occasionally in S. turkestanica. However, tassels are deciduous and sometimes missing, or not developed.
The histology of the leaf-blade of members of sect. Stipa has been profusely studied (Martinovský , 1977 (Martinovský , 1980 Connert 1982; Devesa 1992) . Representatives of Stipa subsections Stipa and Tirsae are C3-grasses (XyMS+), with leafblades bearing adaxial ribs or "nodular" in transverse section (Watson and Dallwitz 1992) and mesophyll with non-radiate chlorenchyma. The abaxial surface of leaf-blades has a regular outline, whereas the adaxial surface is divided into conspicuous ribs of unequal size, separated by deep and narrow furrows with V or U shapes (see figures in the Taxonomic Treatment). The number of ribs ranges from five to 11, in relation to the width of the leaf-blades. Rib apices may be rounded or quadrangular. Bulliform cells are displayed in discrete fan-shaped groups of three to five cells at the base of the furrows and are usually small and inconspicuous.
Vascular bundles are more or less embedded in the middle of the mesophyll, and its number is correlated with the number of ribs. Two different kinds of vascular bundles are found, typically alternating with one another. Each rib corresponds to one vascular bundle of the "basic type" (Metcalfe 1960) , accompanied by sclerenchyma girders that reach both sides of the leaf blades or only the abaxial side of the leaf blade when the ribs are less developed. Usually, each furrow displays a small bundle without girders that alternates with the ribs. The xerophilous nature of the species of these two sections is reflected in the continuous subepidermical layers of sclerenchyma that connect the abaxial girders to each another. Species from strongly xeric habitats exhibit much more developed girders and layers. Thus, populations of S. pennata and S. tirsa from more mesophytic habitats have layers that are two cells tall, whereas S. kirghisorum and S. turkestanica, from more xerophytic habitats have layers that are five to six cells tall. This layer is discontinuous and narrow at the adaxial surface, often interrupted at the furrows. LIGULES-The shape and size are quite variable in the culm leaves but uniform in the basal leaves, constituting useful characters for species delimitation. Stipa tirsa has short (up to 0.5 mm long) and truncate basal ligules. On the other hand, S. turkestanica subsp. turkestanica and subsp. macroglossa have longer, (1.85)2.76-6.7(10.2) mm, and lanceolate ligules.
INFLORESCENCES-Inflorescences are paniculate, contracted with few erect or almost erect branches and spikelets. The panicle is more or less enclosed by the upper leaf-sheaths in S. tirsa, but exserted or partially enclosed at the base (depending on the stage of development) on members of subsect. Stipa. An inconspicuous character is the ornamentation of the first internode of the panicle. The first internode is more or less pubescent in S. tirsa and S. kirghisorum, usually glabrous in S. pennata, but scabrous or more rarely pilose in S. turkestanica.
GLUMES-Glumes are subequal and always long acuminate. The number of nerves usually ranges from three to seven. The mid nerve usually extends up to the tip, while the lateral nerves occur in pairs and never reach the tip. The glumes are glabrous with the midrib always ciliate in S. tirsa, and indistinctly ciliate in species of subsect. Stipa. The tips of the glumes are very delicate and easily damaged.
ANTHECIUM-Each unit including lemma, palea, and callus was here treated as an anthecium. For convenience, the awn was not included in the length of the anthecium (Freitag 1985) . The anthecium is coriaceous, with overlapping margins and enclosing both flower and caryopsis. All the structures that are enclosed in the anthecium (stamens, lodicules, and ovary) are difficult to observe in herbarium specimens.
LEMMA-The lemma is glabrous or at most papillose near the apex and with seven rows of appressed to almost erect hairs. The ventral rows of hairs normally do not reach the apex. Occasionally, in a few specimens of S. pennata, S. kirghisorum and S. tirsa, the ventral rows almost reach the top. Stipa turkestanica and S. kirghisorum have seven distinct rows of hairs, whereas S. tirsa and S. pennata present dorsal and subdorsal rows of hairs that are slightly fused at the base. In all species, the dorsal row is always longer or at most equals the length of the subdorsal ones. The apex of the lemma is sometimes extended into short lobules surpassing the awn insertion. However, these lobules lack taxonomic value, because they can vary even within a single species. In floristic treatments of Stipa, the anthecium length has often been measured as lemma (Roshevitz 1934; Tzvelev 1976; Martinovský 1982; Moraldo 1986) .
CALLUS-The callus has a cylindrical shape and is usually hidden by the hairs, with a lowermost part acute, pungent, oblique, and curved, composed by the scar and surrounded by the peripheral ring (Freitag 1985) . Stipa pennata subsp. sabulosa is the only taxon of the subsection that shows a straight callus, with a very narrow peripheral ring (with a low width/length ratio). The callus is covered by straight and antrorse hairs, with the ventral hairs longer than the dorsal ones.
PALEA-The palea is enclosed by the lemma, and their lengths are relatively similar. A row of hairs between the two veins appears indistinctly in the different taxa.
LODICULE-The number of lodicules is three, one contiguous to the palea (ventral) and the other two (dorsal) flanking the dorsal side of the mature caryopsis. The dorsal lodicules are lanceolate, whereas the ventral lodicle is lanceolate or linear-lanceolate and slightly longer or shorter than the dorsal one. Lodicules are usually glabrous, only rarely presenting scattered hairs at the apex.
AWN-The awn is divided in two parts, column and seta (also called bristle). The column is the basal part of the awn and is bent twice and twisted in subsect. Stipa and Tirsae. The seta is plumose, with hairs longer than 4 mm and flexuous, except in some specimens of S. turkestanica, in which the awns may be falcate. Scattered throughout the area of distribution of the species, some individuals show a distinct indumentum covering the column. Such forms were described as different subspecies or species. However, more convincing is the interpretation of Scholz (1985) upheld by Freitag (1985) , who considered those specimens temporary aberrant forms or mutants.
STAMENS-There are three equal stamens per anthecium, whose sizes vary in proportion to the lemma length. The absence or presence of hairs at the apex is variable within species and therefore, of little value for the species level taxonomy of the group.
OVARY AND CARYOPSIS-Ovaries are similar in all species, glabrous, with two styles. The mature caryopsis is fusiform, with a linear hilum that almost reaches the top, and whose size varies in proportion to the lemma length.
Morphometric Analyses-Box plots showing the variability of the most discriminate characters are presented in Figs. 1A-N. The most distinctive discrete characters were combined with selected qualitative characters and used as basis for the species and subspecies keys. Descriptive statistic and box plots show that species are clearly differentiated in some characters, whereas the subspecies overlap for most of the characters studied. Floral characters such as lemma length, subdorsal and dorsal junction length (D_S)/lemma length, awn length and callus length are especially important for the differentiation of S. turkestanica and S. kirghisorum (Figs. 1B, F, G, I ). Vegetative characters such as the basal leaf ligule length (Fig. 1M) are important for the differentiation of S. tirsa, S. turkestanica subsp. turkestanica and subsp. macroglossa, whereas the basal leaf diameter characterizes S. tirsa (Fig. 1L) .
A high Pearson correlation was found in the distance between palea length, column length, and seta length. Consequently, only 27 characters were used for further analyses. One additional character (D_S/lemma length) was excluded in the DA 2, because it was constant within S. turkestanica and S. kirghisorum.
In the PCA performed for all taxa, the KMO analysis rendered a value of 0.83, indicating that our sample was adequate for multivariate analyses. The first three components accounted for 63% of the total variance observed. The first principal component (Axis 1) accounted for 39% of the total variance and had high contributing loading values from glume length, lemma length, callus length, awn length and diameter, basal leaf-blade diameter, basal leaf ligule length, D_S/lemma length, column length/seta length (COL/SET), and plant height. The second component (Axis 2) had high contributing loadings from awn length, lemma hair length, basal leaf ligule length, and D_S/lemma length. Finally, the third component (Axis 3) had high contributing loadings from peripheral ring width/peripheral ring length (PRW/ PRL), basal leaf-blade diameter, basal leaf ligule length, COL/SET, and uppermost leaf ligule length.
In the scatterplot against the first two components, specimens are arranged in very loose and slightly overlapping groups (Fig. 2) . Component 1 provides separation of S. turkestanica subsp. turkestanica and trichoides, mostly based on the smaller size of its floral characters. However, two OTUs of subsp. turkestanica and subsp. trichoides are intermingled with those of subsp. macroglossa. The remaining taxa, with larger spikelets, are depicted on the centre or right side of the scatterplot. The specimens belonging to S. tirsa, S. pennata subsp. pennata and subsp. sabulosa are highly intermingled and occur on the lower right corner. Component 2 provides a separation for specimens of S. turkestanica subsp. macroglossa, which are more or less confined to the middle portion of the upper quadrant. Specimens of S. kirghisorum, although rather dispersed, are placed in the upper quadrant, partially overlapping with S. turkestanica subsp. macroglossa and S. pennata subsp. pennata, holding an intermediate position between both taxa.
In the scatterplot against the first and third components (Fig. 3) , samples of S. turkestanica subsp. turkestanica and subsp. trichoides are more clearly segregated at the left quadrant, whereas the remaining taxa form a single cluster.
In view of the results obtained from the PCA, two DAs were carried out. The two subspecies of S. pennata and S. tirsa (group I) plus S. kirghisorum were analyzed in DA 1. The 2-D scatterplot of root 1 against root 2 (Fig. 4) reveals a more or less clear separation of the OTUs of S. kirghisorum from the remaining OTUs along the first component, whereas S. tirsa was completely separated along the second axis. Specimens of S. pennata subsp. pennata and subsp. sabulosa are continuously distributed in the scatterplot, with no differentiation observed. One specimen of S. pennata subsp. pennata is also intermingled between specimens of S. kirghisorum. Characters such as lemma hair length, D_S/lemma length, callus length, basal leaf blade diameter, awn length and diameter were especially important for axis 1, whereas callus length, PRW/PRL, D_S/lemma length, basal leaf ligule length, basal leaf blade diameter, and ventral row length were important in the second one (Table 3) . However, subspecies pennata and sabulosa are partially separated along the third axis (Fig. 5) . Callus length, ventral row length, uppermost leaf ligule length, and PRW/PRL are the traits with the highest contribution for the third component ( Table 3) . The cross-validation method classified 91.9%, 96.2%, 96.3%, and 100% of S. pennata subsp. pennata, subsp. sabulosa, S. kirghisorum and S. tirsa, respectively. Stipa pennata subsp. pennata presented one OTU that was misclassified as subsp. sabulosa, and two OTUs that were misclassified as S. kirghisorum. In addition, S. pennata subsp. sabulosa and S. kirghisorum presented one OTU each that was misclassified as S. pennata subsp. pennata. Willk's Lambda values of the three discriminant functions were 0.009, 0.027, and 0.299 respectively, indicating the greater morphological differences of the taxa studied.
The three subspecies of Stipa turkestanica and S. kirghisorum were analyzed in DA 2 (Fig. 6) . The 2-D scatterplot reveals an 
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almost complete separation of all individuals of S. kirghisorum from the remaining samples along the first axis, whereas specimens of S. turkestanica subsp. trichoides and subsp. turkestanica slightly overlap their margins, with two specimens of subsp. turkestanica being intermingled between those of subsp. trichoides. Lemma length, awn length, and basal leaf ligule length represent the highest loading for the first axis. The second axis is responsible for the complete separation of S. macroglossa. However, one sample of S. turkestanica subsp. macroglossa clearly clustered with the other two subspecies of S. turkestanica. COL/SET, basal leaf ligule length, awn length, and basal leaf-blade diameter represent the highest loadings for the second axes. The percentages of well-classified OTUs were 100% for S. kirghisorum and S. turkestanica subsp. trichoides, but 88% for subspecies macroglossa and turkestanica. Subspecies turkestanica has two OTUs misclassified as subsp. trichoides, whereas subsp. macroglossa has one OTU misclassified as subsp. turkestanica and another one as S. kirghisorum. Willk's Lambda values for the first and second discriminant functions were 0.025-0.200, indicating the greater morphological differences of the taxa studied. ANOVA (Tukey, post hoc test, p 0.01) and χ 2 tests detected significant differences in most of the characters studied when comparing individuals of the four species studied. The characters that best separate the species are the lemma length, lemma hair length, callus length, awn length, basal leaf ligule length, D_S/lemma length, leaf-blade apex, and basal leaf abaxial ornamentation. However, subspecies are mainly differentiated by quantitative characters rather than qualitative. Among the three subspecies of S. turkestanica, ligule margin was the only significant qualitative character (Table 2) , while awn length represents an example of significant quantitative character. In addition, specimens of subsp. macroglossa present significantly longer glumes, callus, and basal leaf-blade diameter and shorter COL/SET than the other two subspecies, whereas subsp. turkestanica has significantly smaller lemma; specimens of subsp. trichoides have shorter ligules on the basal leaf and are intermediate in length between the other two subspecies in all traits examined. The two subspecies of S. pennata are quite similar, only differing in callus features (PRW/PRL and callus length), lemma length, and the ventral row length.
A comparison between S. kirghisorum, S. pennata subsp. pennata, and S. turkestanica subsp. macroglossa indicates that these taxa significantly differ in COL/SET and ventral row length. Moreover, five traits (awn length, lemma hairs length, dorsal row length, ratio D_S /lemma length, and panicle basal internode surface) statistically separate S. kirghisorum from S. pennata subsp. pennata, while three traits (lemma length, callus length, and ligule length) separate it from S. turkestanica subsp. macroglossa.
Discussion
Multivariate techniques used in the present study did not yield the same level of resolution in different groups of specimens. In the PCA performed for the seven taxa analyzed, no clear pattern could be discerned, although some discrete groups appeared to be recognizable. Beyond that, the 2-D scatterplot did not provide a conclusive segregation for the different taxa studied. It should be noted that PCA is characterized by a faithful representation of distances between the major groups but is notorious for falsifying distances between close neighbors (Sneath and Sokal 1973) . This is why ordination of smaller and related groups was checked with DA. Discriminant analysis is widely employed in studies of closely related taxa (Pimentel et al. 2007; Viruel et al. 2010) . Overall, all analyses support the recognition of four species and five subspecies that present a set of very homogeneous morphological characters. Except for S. tirsa, there is not a unique character that can be used to distinguish a particular taxon by itself. Instead, the combination of several morphological characters, in combination with habitat and distributional information is what allows the recognition of these taxa.
Spikelets of S. tirsa are superficially similar to those of S. pennata, which has led some authors to consider S. tirsa as a variety of S. pennata (Č elakovský 1884). Our analyses demonstrate that the distinctness of S. tirsa from the remaining taxa of subsect. Stipa is clear and supported by multiple qualitative and quantitative characters (Table 2; Fig. 2 ). In particular, short ligules, thin basal leaf-blades, longer awns, setaceous apices of the basal leaves, and sparsely stiff hairs on the abaxial surface of the basal leaves allow the separation of S. tirsa from the remaining taxa of subsect. Stipa.
In contrast, the recognition of S. kirghisorum is not as clear. This species shows ranges of morphological variation that overlap with those of S. pennata subsp. pennata and S. turkestanica subsp. macroglossa, being only separated by a combination of traits. Some of the characters used by other authors for species identification performed well in our analyses. The most useful characters to separate S. kirghisorum and S. turkestanica subsp. macroglossa are the size of the basal ligule leaf (Pazij 1968; Bor 1970; Tzvelev 1976; Wu and Phillips 2006) , which is (0.25)0.42-1.7(2.5) cm long in S. kirghisorum and (2.3)2. 8-9.8(10. 2) in S. turkestanica subsp. macroglossa, and lemma size (Figs. 1C, M) . Even though the size of the awn is similar, the ratio COL/SET is quite different, mainly due to the longer column of S. kirghisorum. The separation of S. kirghisorum and S. pennata subsp. pennata is, however, more problematic. Despite that, Stipa kirghisorum has been considered as a distinct species by all Asian taxonomists (Smirnow 1925; Pazij 1968; Tzvelev 1976 Tzvelev , 2000 , while S. kirghisorum was treated as a subspecies of S. pennata in a revision of Stipa from southwestern Asia (Freitag 1985) . Stipa kirghisorum is morphologically similar to S. pennata subsp. pennata, and presents a slight overlap in the DA 1 (Fig. 4) . A set of characters used to recognize these taxa previously such as the shorter awns, longer dorsal row, lemma with distinct rows of hairs, and distinctly scabrous surface of the basal leafblades (Smirnow 1925; Pazij 1968; Tzvelev 1976) , as well as characters newly identified in the present study such as lemma hair length, dorsal row length, and pubescence of the panicle basal internode, support the recognition of S. kirghisorum. They also have different ecological preferences; S. kirghisorum is an alpine or subalpine taxon, whereas S. pennata is rarely found at high altitudes. Furthermore, the chromosome number of S. kirghisorum is 2n = 32 (Tzvelev 1976; Freitag 1985) , whereas the chromosome number of S. pennata is 2n = 44 (Sheidai et al. 2006; Tzvelev 1976; Freitag 1985) . We thus retain S. kirghisorum at specific rank. Nevertheless, the affinities of this taxon are not yet clear based only on morphological data and require molecular investigations in order to clarify its taxonomic position and relationships.
All analyses performed indicated that distinction between the two subspecies of S. pennata is rather difficult. Stipa pennata subsp. sabulosa was originally described as a variety of S. pennata, and later recognized as a subspecies by Lavrenko (1940) and Tzvelev (1976) . Prokudin (1951) , taking into account its habitat and morphological features, recognized it as a different species, circumscription that was followed by Tzvelev (2006) in his treatment for the Flora of Caucasus. Our analyses suggest that quantitative characters of the floret represent the only traits for a reliable identification of these subspecies. Other features previously used, such as the scabridness of the surface of the upper leafsheaths, are highly variable. However, DA 1 (Fig. 5) shows that S. pennata subsp. sabulosa presents slightly longer lemmas and callus, a peripheral ring that is somewhat straight and thin (low value PRW/ PRL), and a ventral row that is closer to the lemma apex. In addition, both subspecies have different ecological preferences. Subspecies sabulosa inhabits sandy soils, whereas subsp. pennata is rarely found on sandy habitsts. These morphological and ecological differences support the recognition of the two subspecies, as proposed by Lavrenko (1940) and Tzvelev (1976) .
On the other hand, the separation of the three subspecies of S. turkestanica presents different problems. The specimens identified as subspecies turkestanica and trichoides are closely placed in the DA 2, but only a few of them appeared intermingled within each other. Traditionally, both subspecies have been either accepted as different species (Smirnow 1925; Ovczinnikov 1957; Pazij 1968) or S. trichoides has been treated as a subspecies of S. turkestanica (Tzvelev 1976 ). Delimitation of both taxa has been mostly based on features of the ligule of the basal leaf and the awn. Subspecies turkestanica displays longer ligules that are glabrous at the apex, and longer awns with a glabrous column. On the other hand, subsp. trichoides shows shorter ligules with ciliate apex and shorter awns, and frequently a glabrous column. More recently, Freitag (1985) considered that those characters were not diagnostic and treated subsp. trichoides as a synonym of S. turkestanica. We have found that both subspecies are not easily distinguished from each other because of the similarity of their spikelets. However, specimens with short ligules and ciliate apex consistently display longer awns and lemma, whereas specimens with long ligules and glabrous apex have shorter awns and lemma. Our data suggests that S. trichoides is best treated as a subspecies of S. turkestanica.
Apart from the similarities between S. turkestanica subsp. turkestanica and S. turkestanica subsp. trichoides, S. turkestanica subsp. macroglossa is more easily diagnosed. This taxon is so morphologically distinct that it has even been treated as a separate species closely related to S. pennata in the past, from which it was distinguished by the longer ligules (Smirnow 1925) . However, a detailed study of material available from its whole distribution range, suggests a closer relationship with S. turkestanica. Stipa turkestanica subsp. macroglossa presents the unusual long ligules of the basal blades-leaf present in S. turkestanica subsp. turkestanica (Fig. 1M) . It differs mainly in the much longer reproductive parts, its ecological preferences, and geographical distribution. Subspecies macroglossa is restricted to lowlands and middle belts of mountains of the Tian Shan range, East and central Kazakhstan, whereas subsp. turkestanica is an alpine taxon, with northern limits in the Alai Mountains of Kyrgyzstan. Both taxa share similar qualitative characters ( Herbs densely caespitose, perennial; branching intravaginal. Culms 3-4-noded, erect. Basal leaves convolute; abaxial surface with sparsely stiff hairs; adaxial surface somewhat scabrous, minutely pubescent and with scattered hairs; ligules truncate, to 0.4 mm long. Panicles contracted, 3-4 noded, the first internode pubescent; branches erect or almost erect and with long hairs. Glumes equal or subequal, lanceolate, long acuminate, 3-7 nerved and with the central nerve usually ciliate. Anthecium coriaceous, fusiform or laterally compressed; lemma with 7 rows of hairs, the ventral rows of hairs ending 4.5 mm below the top of the lemma, the dorsal row and the subdorsal row slightly fused at the base, with the dorsal row longer or equalling in length the subdorsal row; callus acute, slightly curved, villous, scar elliptic, peripheral ring dorsally flattened and protruding. Palea lanceolate, two nerved and ± the lemma length; lodicules 3, equal or subequal, acute, membranous, lanceolate or linear-lanceolate. Awn bigeniculate; column glabrous; seta flexuous and plumose with hairs longer than 3.5 mm. Ovary glabrous, styles 2.
Notes-Subsection Tirsae includes only S. tirsa, a species widely distributed in Europe, Caucasus, South-western Russia, Northwest Kazakhstan and western Siberia. Stipa tirsa is morphologically closely related to species of subsect. Stipa. However, it has unique features, such as the presence of a setaceous apex on the basal leaves, very short ligules, and the abaxial surface of the basal leaves with sparsely stiff hairs. Martinovský (1976) considered these features sufficient to recognize series Tirsae, which is here treated as a subsection. Herbs 20-60 cm tall, perennial, caespitose; branching intravaginal. Culms 3-4 noded, nodes glabrous, violet; culm internode pubescent. Basal leaves 34-100 cm long, green, eventually pruinose; leaf-sheaths usually glabrous, margins glabrous (rarely ciliate); leaf-blades 28-57 cm long, (0.2)0.3-0.5 mm in diameter, convolute, abaxial surface distinctly scabrous by sparsely stiff hairs (0.03)0.09-0.25 mm long, adaxial surface somewhat scabrous, minutely pubescent and occasionally with scattered hairs, ending in a long setaceous apex; ligules 0.1-0.4 cm long, truncate, somewhat scabrous, ciliolate (rarely ciliate), cilia 0.01-0.08(0.29) mm long. Floriferous culm leaves 30-57 cm long; leaf-sheaths 24-50 cm long, somewhat scabrous with stiff hairs near the leaf-blades and the margins, and the remainder papillose, margins glabrous; leaf-blades 2.5-12 cm long, (0.19)0.2-0.32(0.36) mm in diameter, abaxial surface with sparsely stiff hairs, adaxial face papillose, minutely pubescent or pubescent, hairs (0.01)0.05-0.23(0.25) mm long; ligules (0.2)0.4-1.5(2.1) mm long, truncate, obtuse or rounded, somewhat scabrous or glabrous, margins glabrous or ciliolate, tip ciliolate (rarely glabrous), cilia (0.02)0.03 -0.13(0.15) mm long. Panicles 6-37 cm long, contracted, enclosed or partially enclosed by the upper leafsheath, 3-4-noded; basal internodes (0.4)0. 7-18(25) cm long, pubescent; branches (0.9)1.6-3.2(3.7) cm long, erect or almost erect, setulose, setae (0.34)0.39-1.22(1.29) mm long; basal nodes with (1)2 branches with 1 spikelets each. Glumes subequal, lanceolate, long acuminate, glabrous with the central nerve usually ciliate, cilia (0.1)0.3-1(1.6) mm long, green with margins and tip hyaline, the lower (4.9)5.3-6.7(7) cm long and 3-5 nerved, the upper (4.7)5-6.5(6.7) cm long and 5-7-nerved. Anthecium (16.7)17.2-19.2(19.7) mm long, (0.8) 0.9-1.3(1.4) mm wide, fusiform, coriaceus, pale or brown; lemma (12.7)13.3-15.5(16) mm long, near the apex glabrous, with 7 distinct rows of hairs or with the dorsal and subdorsal ones fused and the remainder rows free, the ventral row ending (0.5)1.1-4.18(4.76) mm below the top of the lemma, the dorsal row measuring ± 1/2-1/3 the length of the lemma, the remainder rows shorter or equaling the dorsal row, rows with appressed to almost erect hairs (0.3)0.4-0.7 mm long; callus 3.4-4.2(4.3) mm long, acute, curved or slightly straight, villous, hairs (1.3)1.5-2.1(2.5) mm long on the ventral face and (0.8)0.9-1.2(1.5) mm long on the dorsal face, scar elliptic, peripheral ring (0.6)0.7-0.9(1) mm long, 0.25-0.33(0.35) mm wide (ratio width/length= 0.3-0.4(0.5)); palea (12)12.9-14.9(15.7) mm long, lanceolate, margins and tip hyaline, dorsally 2-nerved, between the two nerves papillose or glabrous (rarely with a dorsal row of hairs up to 1/4 the length of the palea), margins and tip glabrous (rarely ciliate), brown or green; lodicules 3, equal or subequal, with the dorsal ones slightly longer or shorter than the ventral one, acute, lanceolate or linear-lanceolate, membranous, glabrous, dorsal lodicules (2)2.5-3.7(4.9) mm long, ventral lodicule (1.7)2.1-3.9 (4) (4)4.4-6.2(6.7) mm long. Anthers (5.2)5.7-8.7(9.6) mm long, glabrous. Ovary glabrous, styles 2. Caryopsis (9.5)9.6-11.5(11.9) mm long, fusiform; embryo 1.5-2.6(2.7) mm long. Figure 7 .
Chromosome Number-2n = 44 (Tzvelev 1976; Freitag 1985; Connert 1982) .
Distribution and Habitat-This species inhabits stony and dry slopes, pastures, forest glades, mountain meadows, and steppes from sea level up to middle mountain belts, 0-2,300 m. It is roughly distributed from Central, North, South and East Europe to Southwest Siberia (Omsk, Kuban and Tyumen provinces). It also occurs scattered in Central and South France, North Italy, North Caucasus, Transcaucasia, Northeast Turkey, and in the Caspian Area of Kazakhstan (central Asia). Stipa tirsa has been also reported from Bulgaria (Dimitrov 2002: 357) . Unfortunately, however, this specimen was unavailable to us during the present study. One sheet from Spain has been identified as S. tirsa: "Se cría en montes y colinas áridas cerca de Madrid, Aranjuez, Mancha y Reyno de Murcia, Lagasca, s.n. (MA)." Paunero (1960) recognized this species for Spain; however, considering its general distribution and the fact that no other specimens have been collected since Lagasca (Vázquez and Devesa 1996) , this reference probably represents a labelling mistake (Fig. 8) .
Phenology-Flowering specimens have been collected in May, June and July. Notes-The basal leaves of S. tirsa present a setaceous apex, very short ligules, and the abaxial surface of the basal leaves with sparsely stiff hairs, allowing this species to be distinguished from its closest relatives. Even though few narrow-leaved specimens of S. zalesskii Wilensky can be confused with S. tirsa, the ligules in S. zalesskii are always more developed and the basal leaves are scabrous by both prickles and long and erect-spreading stiff hairs, whereas prickles are missing in S. tirsa. Martinovský (1972) described Stipa tirsa subsp. albanica from Paštrik and Djakovo in Albania, characterized by having the ventral rows reaching the apex of the lemma and the others longer than half the length of the lemma. A careful observation of the three type specimens in LD, S and WU revealed that the holotype (LD) presents the ventral rows ending 0.5 mm below the apex, while the others are longer than half the length of the lemma.
The isotypes deposited at the herbaria S and WU have ventral rows that end 1.5 mm below the apex and other rows that reach only up to the half of the length of the lemma. Likewise, other specimens with ventral rows ending ca. Herbs densely caespitose, perennial; branching intravaginal. Culms 3-4 noded, erect. Basal leaves convolute; abaxial surface glabrous, distinctly scabrous or minutely scabrous; adaxial surface scabrous, minutely pubescent or with scattered hairs; ligules acute, obtuse or rounded. Panicle contracted, 3-4 noded, the first internode glabrous, scabrous (rarely pubescent or with sparsely hairs); branches erect or almost erect and sparsely setulose. Glumes equal or subequal, lanceolate, long acuminate, 3-7 nerved and with the central nerve sometimes ciliate. Anthecium coriaceous, fusiform or laterally compressed; lemma with 7 distinct rows of hairs, or with the dorsal and subdorsal rows of hairs slightly fused at the base, the ventral rows of hairs ending 7 mm below the top of the lemma, the dorsal row and the subdorsal row slightly fused at the base and with the dorsal row longer or at most equaling in length the subdorsal row; callus acute, curved or straight, villous, scar elliptic, peripheral ring dorsally flattened and protruding. Palea lanceolate, two nerved and ± the lemma length; lodicules 3, equal or subequal, acute, membranous, lanceolate or linear-lanceolate. Awn bigeniculate; column glabrous or scabrous (rarely pilose); seta flexuous and plumose, hairs longer than 3.5 mm. Ovary glabrous, styles 2. Herbs 21-76 cm high, perennial, caespitose; branching intravaginal. Culms 2-3 noded, nodes glabrous, violet; culm internodes usually glabrous. Basal leaves 15-83 cm long, green and occasionally pruinose; leaf-sheaths glabrous, papillose, scabrous or pubescent, margins glabrous or ciliate; leaf-blades 8-66 cm long, (0.36)0.41-0.77(0.98) mm in diameter, usually convolute, abaxial surface glabrous or scabrous, adaxial surface scabrous, pilose or with scattered hairs (0.06)0.18-0.56(0.77) mm long, apex acute, glabrous, setulose or with an apical tassel of hairs 0.5 -3 mm long; ligules (0.5)0.93-2.5(3.1) cm long, acute, obtuse or rounded, glabrous or scabrous (rarely pilose), margin glabrous or ciliolate (rarely ciliate), cilia (0.01)0.09-0.2 mm long. Floriferous culm leaves 22-51 cm long; leaf-sheaths 22-50 cm long, minutely scabrous, papillose or glabrous, margins glabrous; leaf-blades (0.4)1-5.4(12) cm long, (0.1)0.15-0.39(0.49) mm in diameter, abaxial surface glabrous, somewhat scabrous or sparsely aculeate, adaxial face scabrous, pilose or scabrous with scattered hairs (0.07)0.08-0.4(0.42) mm long; ligules (0.2)0.7-3.8(11.2) mm long, acute, obtuse, rarely truncate or bifid, glabrous, scabrous, sparsely aculeate or sparsely pilose, margins glabrous, ciliolate or ciliate, cilia (0.02)0.05-0.3(0.33) mm long. Panicles 13-52 cm long, contracted, enclosed or partially enclosed by the upper leaf-sheaths, 3-6(8) noded; basal internode (6.2)17 -39(48) cm long, glabrous, scabrous (rarely pubescent); branches 1.4-5(6) cm long, erect or almost erect, glabrous, scabrous, setulose or sparsely setulose, setae 0.02-0.8(1.2) mm long; basal nodes with (1)2(3) branches with 1-2 spikelets each. Glumes subequal, lanceolate, long acuminate, glabrous, rarely ciliate on the central nerve, cilia 0.05-1 mm long, green with margins and tip hyaline, occasionally with purple stains, the lower (3.2)4.3-6(8) cm long and 3-5 nerved, the upper (3)4.1-6(7) cm long and 5-7 nerved. Anthecium (13.4)15.5-19(21) mm long, (0.6)0.8-1.2(1.4) mm wide, fusiform, coriaceous, pale, brown or green; lemma (10.8)12.3-15(16.1) mm long, near the apex glabrous, with 7 rows of appressed to almost erect hairs (0.3)0.4-0.7(1) mm long, the dorsal row and subdorsal ones fused at the base and the remainder rows free, the ventral row ending (2.5)3.6-6.2(7) mm below the top (rarely ending (0.4)0.5-1(1.2) mm below the top), the dorsal row measuring 1/2 as long as the lemma and quite longer than the subdorsal rows; callus (2.62)2.9-4.4(5) mm long, acute, curved or straight, villous, hairs (1.2)1.6-2.6(2.9) mm long on the ventral face and (0.7)0.8 -1.5(1.6) mm long on the dorsal face, scar somewhat circulate to broadly elliptic, peripheral ring (0.65)0.74-0.98(1.05) mm long, (0.2)0.22-0.32(0.38) mm wide (ratio width/ length = (0.23)0.25-0.4(0.43)); palea (9)11.9-14.3(15.5) mm long, lanceolate, membranous, margins and tip hyaline, dorsally 2-nerved, between the two nerves papillose or glabrous, margins glabrous and tip glabrous or ciliate, rarely with a dorsal row of hairs up to 1/3 the length of the palea, pale brown, brown or green; lodicules 3, equal or subequal, with the dorsal ones slightly longer or shorter than the ventral one, acute, lanceolate or linear lanceolate, membranous, glabrous (rarely ciliate at the apex), dorsal lodicules (1.5)1.7-3.3(3.7) mm long, ventral lodicule (1)1.6-3.4(3.7) mm long. Awn (21)26 -34(36) cm long, bigeniculate; column (4.8)5.5-8(9.2) cm long, base (0.35)0.44-0.57(0.63) mm in diameter, twisted, brown, brown and green, and frequently with purple stains, glabrous (rarely pilose); geniculation (1.3)1.4-2.2(2.4) cm long, glabrous, scabrous, more rarely pilose; seta (16)19.8-28.1(29.4) cm long, (ratio column length/seta length = (0.18)0.22-0.34(0.47)), flexuous, plumose, hairs in lower part (4)4.6-6.1(7.9) mm long. Anthers (4.1)4.4-8(8.4) mm long, glabrous (rarely with scattered hairs), yellow or purple. Ovary glabrous, styles 2. Caryopsis (8.3)9-11.2(11.6) mm long, fusiform; embryo (1.3)1.5-2.2(2.7) mm long.
a. subsp. PENNATA L.
Herbs 21-76 cm high. Basal leaves 19-83 cm long. Leafblades abaxial surface glabrous, minutely scabrous or scabrous, adaxial surface scabrous, scabrous with sparsely long hairs or pilose, leaf-blades apex with an apical tassel of hairs almost at young leaves (rarely glabrous). Culms leaf-sheaths glabrous, papillose or minutely scabrous. Glumes 3-4.1 -5.8(6.3) cm long. Anthecium (13.4)15-18(19) mm long; lemma (10.8)12.4-14.5(16) mm long, with seven rows of hairs, the dorsal and subdorsal row slightly fused at the base and the remainder rows free, the ventral one ending (3.4)3. 5-5.7(6. 3) mm long below the top of the lemma, the dorsal row ending (4.3)6.5-9(10) mm below the top and longer than the subdorsal ones. Callus (2.6)2.7-4 mm long (callus/lemma = (0.18)0.2-0.27(0.3)), villous, scar elliptic, curved, peripheral ring (0.6)0.72-1 mm long, (0.2)0.25-0.36(0.38) mm wide (ratio width/length = (0.29)0.3-0.41(0.43)). Awn (21)26-34(36) cm long. Figure 9 m-v.
Chromosome Number-2n = 44 (Sheidai et al. 2006; Tzvelev 1976; Freitag 1985) .
Habitat and Distribution-This taxon inhabits dry and stony slopes, pastures, mountain meadows, steppes, and open forest glades from lowlands up to middle mountain belts (rarely in alpine or subalpine communities), 100-4,000 m. This species is widely distributed from Western Europe to Central and West Siberia, being especially abundant in steppes and xeric habitats of Central and Western Europe, whereas it is rare in East Kazakhstan, Tajikistan, and Siberia. Stipa pennata subsp. pennata is also found in isolated areas of Xinjiang and West Mongolia. One specimen from Spain, collected in Sierra Nevada by Willkomm and preserved in MEL herbarium, has been identified as S. pennata subsp. pennata. However, not a single specimen identified as S. pennata was encountered during the study of hundreds of specimens from Sierra Nevada. Considering its area of distribution (Fig. 10) , it looks quite unlikely that S. pennata actually grows in Spain. Therefore, Willkomm's record is likely a labelling mistake.
Phenology-Flowering specimens have been collected in May, June, July, and August. Herbs 40-75 cm high. Basal leaves 15-55 cm long. Leafblades abaxial surface glabrous or minutely scabrous, adaxial surface scabrous, leaf-blades apex glabrous or with an apical tassel of hairs almost at young leaves. Culms leaf-sheaths, papillose or scabrous. Glumes (3.5)4.5-6(8) cm long. Anthecium (16)16.6-20(21) mm long; lemma (12.2)12.6-16 mm long, with seven rows of hairs, the dorsal and subdorsal row slightly fused at the base and the remainder rows distinct, the ventral one ending (0.5)3-5(6) mm long below the top, the dorsal row ending (7.2)7.3-9(10) mm below the top and longer than the subdorsal ones. Callus Chromosome Number-Unknown.
Habitat and Distribution-This taxon grows on sandy soils of slopes, steppes, riversides and forest glades, from seacoasts up to lower mountain belts, 0-2000 m. Ranges from East and Central Europe to South-East Russia, also occuring in Kazakhstan (Aral Caspian, Balkhash area), and in South and central Siberia. Scarcely found in western Mongolia (Fig. 11) .
Phenology-Flowering specimens have been collected in May, June, and July. Notes-The name S. pennata was rejected by several authors, who considered it a "nomen ambiguum" (Scholz 1968; Fuchs-Eckert 1980; Kerguelen 1983) . Mansfeld (1939) tried to clarify the taxonomic position of S. pennata, and cited a Clusius plate that belongs to what has been frequently recognized as S. joannis. Nevertheless, he did not make a formal lectotypification based on that plate. Martinovský and Skalický (1969) followed Steven's (1857) interpretation and retained S. pennata as S. eriocaulis, designating a Jussieu's plant as the lectotype, even though it did not represent original material studied by Linneaus. Freitag (1985) selected original material from the van Royen herbarium (L) as the lectotype; this material fit Mansfield's concept of S. pennata, restoring the use of this name, which is an earlier name than S. joannis. Most subsequent authors (Moraldo and Ricceri 2003; Vázquez and Devesa 1996) have followed Freitag's designation, which is the one followed in the present paper.
Stipa pennata is the most widespread and polymorphic of the three taxa belonging to subsection Stipa. The most distinctive character of S. pennata is the marginal rows of hairs ending 2-5 mm below the top of the lemma. Endtmann (1962) described Stipa joannis subsp. germanica and var. marchica from plants collected in Geesower and Gartz (Germany), both of which are characterized by a marginal row of hairs reaching the lemma apex. Despite that, specimens with the marginal row reaching the lemma apex and ending 2-5 mm before the lemma apex are found within single specimens, indicating that this trait is not sufficient for species delimitation. We thus consider S. joannis subsp. germanica and var. marchica as synonyms of S. pennata subsp. sabulosa. This taxon is highly variable especially in the leaf ornamentation. Numerous varietal and subspecific names have been applied to plants of this species. The abaxial surface of the basal leaves ranges from glabrous to minutely scabrous, whereas the adaxial surface can be scabrous, pubescent or sparsely pilose. We could not find any relationship between geographical distribution and leaf ornamentation and therefore no infraspecific taxa were recognized.
Stipa pennata can be easily distinguished by the presence of an apical tassel of delicate hairs on the young leaves. However, these hairs are deciduous or may not develop in some populations. Specimens lacking those hairs have been treated as S. lejophylla. However, such variation is frequently found over the whole area of distribution, being considered a variable character, and of little taxonomic value (Freitag 1985) .
The plants that have been recognized as S. anomala (= subsp. pennata) and S. danubialis (=subsp. sabulosa), exhibit a hairy column. However, individuals with hairy columns occur within populations of individuals with glabrous columns. For this reason they have been considered mutational forms that are distributed throughout its distribution area (Scholz 1985 Herbs 15-65 cm high, perennial, caespitose; branching intravaginal. Culms 2-3 noded, nodes glabrous (rarely pubescent), violet; culm internodes scabrous, pubescent (rarely glabrous). Basal leaves 11-51 cm long, green and occasionally pruinose; leaf-sheaths glabrous, papillose, scabrous or minutely pubescent, margins glabrous or ciliate, cilia 0.1 -1 mm long; leaf-blades 8 -41 cm long, (0.2)0.3 -0.5(0.7) mm in diameter, convolute, abaxial surface distinctly scabrous or with sparsely stiff hairs, adaxial surface scabrous, minutely pubescent or pubescent, hairs (0.02)0.04-0.22(0.28) mm long, leaf-blades apex acute, usually glabrous; ligules (0.5)0. 9-6.7(10. 2) cm long, truncate, rounded, acute or lanceolate, glabrous, scabrous or pilose, ciliate (rarely glabrous), cilia (0.05)0.09-0.38(0.5) mm long. Floriferous culm leaves 14-40 cm long; leaf-sheaths 12-36 cm long, somewhat scabrous with stiff hairs near the leaf-blades and the margins, glabrous, papillose, margins glabrous; leaf-blades 1-10 cm long, (0.14)0.18-0.4(0.5) mm in diameter, abaxial surface scabrous or with sparsely stiff hairs, adaxial face pubescent or minutely pubescent (rarely scabrous), hairs ( 8.3)10.4-14.4(14.8) mm long, (0.6)0.7-1.3(1.5) mm wide, fusiform, coriaceus, green, pale or brown; lemma (6.7)8. 5-11.7(12. 2) mm long, near the apex glabrous or aculeate, the ventral row ending (0.8)1.2-3.9(4.5) mm below the top, the dorsal row measuring ± 1/2-1/3 the length of the lemma, the remainder rows shorter or equaling the dorsal row, rows with appressed to almost erect hairs (0.3)0.5-0.9(1.2) mm long; callus (1.6)1. 8-3(3. 2) mm long, acute, curved, villous, hairs (1.1)1.2-2(2.3) mm long on the ventral face and 0.7(0.8)-1.4(1.7) mm long on the dorsal face, scar elliptic, peripheral ring (0.6)0.7-1(1.1) mm long, (0.2)0.23-0.32(0.34) mm wide (ratio width/length = (0.25)0.27-0.37(0.43)); palea (6.8)8.4-11.3(12.1) mm long, lanceolate, margins and tip hyaline, dorsally 2-nerved, between the two nerves papillose or glabrous (rarely with a dorsal row of hairs up to 1/4 the length of the palea), margins glabrous and tip glabrous (rarely ciliate), pale, brown or green; lodicules 3, equal or subequal, with the dorsal ones slightly longer or shorter than the ventral one, acute, lanceolate or linear laceolate, membranous, glabrous, dorsal lodicules (1.5)1.7-2.9(3.7) mm long, ventral lodicule (1.3)1. 9-3.3(3.9) mm long. Awn (9.6)10. 6-24.5(28.7) cm long, bigeniculate; column (2.3)2. 8-5.3(5.4) cm long, base (0.31)0.35-0.57(0.62) mm in diameter, twisted, pale, brown, brown and green, and frecuently with purple stains, glabrous or scabrous (rarely pilose); geniculation (0.8)1-1.7(1.9) cm long, glabrous, scabrous or with scattered hairs; seta (6.2) 7.8-20.6(23.3) cm long, (ratio column length/seta length = (0.17)0.19-0.44(0.55)), flexuous, plumose, hairs in lower part (3.6)4.5-6(6. 2) mm long. Anthers (3.6)4.5-6.8(8. 3) mm long, glabrous. Ovary glabrous, styles 2. Caryopsis (4)6.1-9.6(9.9) mm long, fusiform; embryo1-3.18(3.05) mm long. Herbs 15-53 cm long. Basal leaves 12-43 cm long; leafblades abaxial surface distinctly scabrous, adaxial surface, minutely pubescent, papillose or with scattered hairs, apex glabrous (rarely with a tassel of hairs); ligules 1.6-5.8(6.7) mm long, glabrous or scabrous, margins usually glabrous, tip glabrous or ciliate. Culms leaf-sheaths papillose or glabrous. Glumes (2.3)3-4.4(4.6) cm long. Anthecium (8.3)9.6-11.9(12. 2) mm long; lemma (6.7)7.8-10(10.8) mm long, with seven distinct rows of hairs. Callus (1.6)1.8-2.6(2.8) mm long, villous, scar elliptic, curved. Awn (9.6)9.7-17(18.4) cm long; column glabrous, tuberculate or minutely scabrous. Figure 12 a-j.
Chromosome Number-2n = 44 (Sheidai et al. 2006) ; 2n = 40 (Freitag 1985) .
Habitat and Distribution-This species grows on gravelly hills, stony, sandy or aleurite slopes, and open mountain communities, 1700-4600 m. It is found on high mountain ranges of Alburz and Kopet Dagh in northern Iran, Afghanistan, North Pakistan, and Kashmir (India); in Central Asia, it is distributed from Pamir and the southern range of the Alai mountains, rarely reaching East Kazakhstan at SaurTarbagatai range (Fig. 13) . Herbs 22-65 cm long. Basal leaves 14-37 cm long; leafblades abaxial surface distinctly scabrous, adaxial surface minutely pubescent, papillose or with scattered hairs, apex glabrous (rarely with a tassel of hairs); ligules 0.5-1.4(1.5) mm long, pilose, scabrous or glabrous, margins and tip usually ciliate. Culms leaf-sheaths papillose or glabrous. 3) cm long. Anthecium (11)11.5-14.4 mm long; lemma 9.1-12.7(13.4) mm long, with seven distinct rows of hairs. Callus (2)2.1-2.9(3.2) mm long, villous, scar elliptic, curved. Awn (13.4)13.6-20.1(21.1) cm long; column glabrous. Figure 12 k-p. Chromosome Number-2n = 40 (Chopanov and Yurtsev 1976) .
Habitat and Distribution-Inhabits detrital-sandy, grainedgravelly slopes, and open communities from low mountains belt up to the peak, 700-4,000 m. Ranges from the mountains of North Afghanistan, to the Pamir region, Alai Mountains and the western Turkestan range, also occuring in isolated mountains of Turkmenistan (Kopet Dagh) and south eastern Kazakhstan (Fig. 13) .
Phenology-Flowering specimens have been collected in May, June, July and August. 4.3-5.8(6.5) cm long. Anthecium (11.9)12-14.6(14.8) mm long; lemma 9.9-12.9(13.8) mm long, with seven distinct rows of hairs. Callus (2)2. 4-3.1(3. 2) mm long, villous, scar elliptic, curved. Awn (18)20-27(29) cm long; column glabrous or scabrous. Figure 12 q-v.
Chromosome Number-Unknown.
Habitat and Distribution-Dry steppes, stony and aleurite slopes and occasionally on sands and clays, from lowlands to middle mountain belts, 400-2,600 m. Distributed from central to east Tian-Shan range, and from central to east Kazakhstan (Fig. 13) .
Phenology-Flowering specimens have been collected in May, June, July and August. Notes-Stipa turkestanica is widely distributed in Central Asia, covering a broad altitudinal range, which is translated into a rather variable size. Stipa turkestanica resembles a very delicate S. pennata (Freitag 1985) , with smaller reproductive parts. Furthermore, some specimens of S. turkestanica show an apical tassel of hairs on the apex of the basal leaves, just like S. pennata. Besides the smaller size, S. turkestanica may be distinguished by the distinct rows of the lemma, distinctly scabrous abaxial surface of the basal leaves, and the pilose or scabrous culm internodes, whereas Stipa pennata has the dorsal and subdorsal rows slightly fused at the base, with the abaxial surface of the basal leaves glabrous or scabrous, and the culm internode usually glabrous.
Herbs 22-72 cm high, perennial, caespitose; branching intravaginal. Culms 2-3(4) noded, nodes glabrous, violet; culm internodes scabrous or pubescent. Basal leaves 23-58 cm long, green and occasionally pruinose; leaf-sheaths minutely pubescent, papillose or scabrous, usually glabrous; leaf-blades 19-36 cm long, (0.3)0.35-0.56(0.63) mm in diameter, convolute, abaxial surface distinctly scabrous by prickles, adaxial surface papillose, scabrous, pubescent or minutely pubescent, hairs (0.04-0.4(0.45) mm long, leafblades apex acute, glabrous; ligules (0.25)0.42-1.7(2.5) cm long, rounded, obtuse or acute, usually scabrous, ciliate or ciliolate, cilia (0.03)0.04-0.28(0.47) mm long. Floriferous culm leaves 24-37 cm long; leaf-sheaths 21-31 cm long, scabrous, minutely scabrous or glabrous, margins glabrous; leaf-blades 1.5-8.3 cm long, (0.17)0.19-04(0.7) mm in diameter, abaxial surface scabrous, adaxial surface papillose, scabrous, pubescent or minutely pubescent, hairs (0.03)0.07-0.31(0.47) mm long; ligules (0.43) 1-3.8(4.9) mm long, acute, obtuse or rounded, usually scabrous, ciliate or ciliolate (rarely glabrous), cilia (0.03)0.07-0.31(0.47) mm long. Panicles 11-48 cm long, contracted, exerted or partially enclosed by the upper leaf-sheaths, 3-5 noded; basal internode (4.9)6-28(38) cm long, pubescent (rarely scabrous); branches (1)1. 6-3.3(4. 2) cm long, erect or almost erect, setulose, setae (0.13)0.17-0.94(1.16) mm long; basal nodes with (1)2 branches with 1(2) spikelets each. Glumes subequal, lanceolate, long acuminate, glabrous or ciliate on the central nerves, cilia (0.1)0.13-0.17(1.2) mm long, green with purple stains, margins and tip hyaline, the lower (3.7)4-5.6(6) cm long and 3-5 nerved, the upper (3.5)3.7-5.3(5.6) cm long and 5-7(9) nerved. Anthecium (13.7)14. 3-17.5(18.5) mm long, (0.8)0.9-1.3(1.4) mm wide, fusiform, coriaceous, green or brown; lemma (11.2)11. 3-13.9(14.8) mm long, near the apex glabrous, with 7 distinct rows of hairs (rarely fused at the base), the ventral row ending (0.35)0.75-3.14(3.67) mm below the top (rarely reaching the top), the dorsal row measuring 2/4-3/4 the length of the lemma, the remainder rows slightly shorter or ± equalling the dorsal row, rows with appressed to almost erect hairs (0.67)0.7-0.98(1.02) mm long; callus (2.42)2. 64-3.75(3.9) mm long, acute, curved, villous, hairs (1.45)1.8-2.46(2.75) mm long on the ventral face and (1)1.1-1.6(1.9) mm long on the dorsal face, scar elliptic to broadly circular, peripheral ring (0.74)0.76-1.06(1.17) mm long, (0.21)0.24-0.35 mm wide (ratio width/length = (0.25)0.27-0.37(0.38)); palea (10.4)11-13.6(14.8) mm long, lanceolate, margins and tip hyaline, dorsally 2-nerved, between the two nerves papillose or glabrous, margins glabrous and tip glabrous or ciliate, rarely with a dorsal row of hairs, brown or green; lodicules 3, equal or subequal, with the dorsal ones slightly longer or shorter than the ventral one, acute, lanceolate or linear lanceolate, membranous, glabrous, dorsal lodicules (1.6)2.1-3.2(3.5) mm long, ventral lodicule (1.8)2.2 -3.5(4.2) mm long. cm long, bigeniculate; column (4.4)4.8-7(7.5) cm long, base (0.37)0.4-0.6(0.7) mm in diameter, twisted, brown, brown and green and frequently with purple stains, glabrous or tuberculate; geniculation (1.1)1.4-2.2(2.5) cm long, glabrous, tuberculate or scabrous; seta (14.4)15.2-19(20) cm long, (ratio column length/seta length = (0.26)0.28-0.42(0.43)), flexuous, plumose, hairs in lower part (3.2)4-5.7(5.89) mm long. Anthers (3.8)4.6-8.2(9.1) mm long, glabrous (rarely with scattered hairs), yellow or purple. Ovary glabrous, styles 2. Caryopsis (7.4)8.1-9.9(10.01) mm long, 2; embryo (1.2)1.5-2.1(2.3) mm long. Figure 14 .
Chromosome Number-2n = 32 (Freitag 1985; Tzvelev 1976 ).
Habitat and Distribution-Steppes, debris and rocky slopes, from lowlands up to middle mountain belts, 1,200-4,300 m. North-east Afghanistan, North-west Turkey, Kashmir (India), Pamir and Alai mountains, Tian Shan range, Central and East Kazakhstan, Xinjiang, West Mongolia and western and central Siberia (Fig. 15) .
Phenology-Flowering specimens have been collected in June, July and August. Notes-Tzvelev described Stipa ikonnikovii Tzvelev, endemic to Shugnan (Tajikistan) and distinguished this species from S. kirghisorum by the adaxial surface of the basal leaves minutely pubescent and the ventral row reaching the top. Even though S. kirghisorum shows rather uniform morphological variation, the ornamentation of the adaxial surface is highly variable. Specimens with scabrous, minutely pubescent or pubescent surface are found throughout its geographic distribution. Likewise, some specimens from Afghanistan present the ventral rows that reaches (or almost reaches) the top, overlapping with the range of variation of this character in S. kirghisorum. its longest awn with shorter seta hairs (2-3 mm long). The application of this name is in doubt until more material can be examined.
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